P eople with chronic obstructive pulmonary disease (COPD) experience reduced exercise tolerance related to multiple factors. Altered ventilatory mechanics, specifically dynamic lung hyperinflation during physical activity and resultant dyspnea, 1 gas exchange abnormalities, 2, 3 and peripheral muscle dysfunction, 4 may all contribute, with further limitations associated with cardiovascular comorbidities, 5 to depression, 6 balance, 7 poor sleep, 8 and nutritional deficits. 9 Reduced exercise capacity is associated with worse survival, 10 and lower physical activity levels are associated with greater morbidity, including hospital admissions 11 and greater mortality. 12 However, interventions that include exercise training are highly effective to improve exercise tolerance, health-related quality of life, and to reduce hospitalization in people with COPD. 13 Field walking tests provide important outcomes of functional exercise capacity in people with COPD. These tests enable clinicians to quantify a person's exercise capacity, response to treatment, predict prognosis, and evaluate the effect of new interventions in clinical trials. Established tests include the Six-Minute Walk Test (6MWT), the incremental Shuttle Walk Test (ISWT), and the Endurance Shuttle Walk Test (ESWT). 14 These tests are valid, reliable, and functionally relevant outcome measures in COPD. 15 However, there are barriers to their use, related to both the ability of the patient and time and resource restraints. Test duration (6-20 min) may not be well tolerated by some people, including those in acute or subacute settings recovering from an acute exacerbation of symptoms, the elderly, people with severe COPD, or people with significant cardiovascular comorbidities. 16 To account for learning effects and ensure the accuracy of measurement, 2 repetitions of these tests are recommended, 14 and this may reduce feasibility in the health care setting. For example, use of one 6MWT only has been reported in 54% (preprogram) to 77% (postprogram) of pulmonary rehabilitation programs in Australia. 17 There are an increasing variety of short functional exercise tests reported in people with COPD, such as evaluation of gait speed, short duration walking distance tests, tests involving the sit-tostand transition, and step tests. 18 Shorter tests require less time for the professional and patient to conduct; some require less space; and some have potential suitability in more frail patients. It is critical that measurements obtained from these tools are valid, reliable, and able to detect change so the measurements they produce can confidently be interpreted. Although narrative 18 and systematic reviews (including literature up to 2014 19 ) have been published, there has been much further recent quality research activity in this area. Therefore, the primary aim of this study was to systematically review available evidence regarding the psychometric properties (reliability, validity, and responsiveness) of short lower extremity functional exercise tests, specifically tests of less than 6 minutes in duration in people with COPD.
Review question: What are the psychometric properties of short lower extremity functional exercise tests in people with COPD?
Methods
This systematic review was reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 20 (Supplementary File 1).
Data Sources and Searches
The search strategy underwent several iterations of peer review by an academic librarian prior to being finalized and registered with the International Prospective Register of Systematic Reviews (Registration no: CRD42015026631). A systematic search was conducted in 5 databases (MEDLINE, Embase, AMED, Scopus, and CINAHL) on September 2, 2015. An identical updated search was completed on September 15, 2016 . No restrictions on publication dates were used. The search strategy (Supplementary File 2) included combinations of terms to identify the population of interest (COPD) and short walking or lower limb functional exercise tests.
Study Selection
Studies reporting the psychometric properties (reliability, validity, and/ or responsiveness) of the Two-Minute Walk Test (2MWT), Three-Minute Walk Test, Sit-to-Stand (STS), Timed "Up and Go" (TUG), gait speed, or step tests in adults with COPD were included. Variations of these tests were included, provided the total duration of the test was less than 6 minutes. There were no restrictions on study design. Studies reporting on other chronic lung diseases, pediatric studies, and studies relating to tests equal to or greater than 6 minutes in duration were excluded. This test duration cutoff of less than 6 minutes was chosen, as this is shorter than the already-established 6MWT.
Screening of search results was performed by 2 independent reviewers, and discrepancies were resolved by consensus with a third reviewer. Studies were first screened at the level of title and abstract. Full texts were then obtained for studies that met the eligibility criteria or whose eligibility could not be determined from review of title and abstract. Hand-searching of reference lists and forward citation searches of included papers were conducted.
Data Extraction and Quality Assessment
Data was extracted using pre-piloted forms (Supplementary File 3) . Extracted data included identifying information (ie, title, year of publication), study methodology, participant demographics and disease characteristics, protocols of the outcome measures utilized, and results regarding their psychometric properties. The primary measurement properties evaluated in this study were reliability, validity, and responsiveness. Terminology and definitions were consistent with those of the Consensus-Based Standards for the Selection of Health Measurement Instruments (COSMIN) taxonomy. 21 Reliability was defined as "the proportion of the total variance in measurements which is due to 'true' differences between patients." 21(p743) This included both testretest reproducibility (the similarity of results of separate measurements in an unchanged population) and interrater reliability (the similarity of results of separate measurements by different persons on the same occasion). Validity was defined as "the degree to which an instrument measures the construct(s) it purports to measure." 21(p743) Responsiveness was defined as "the ability of an instrument to detect change over time." 21(p743) When available, information was collected on the presence of learning effects and the impact of technical factors on the results of the tests.
Quality assessment of all included studies was conducted using the COSMIN instrument. 22 This tool assesses the quality of each measurement property investigated in a study. For each measurement property, quality was rated as excellent, good, fair, or poor for specific criteria, including study design and statistical methods. Criteria for rating study design and statistical methods are outlined specific to the measurement property being rated and all aspects are clearly defined by the COSMIN instrument. 22 For example, general criteria rating study design included handling of missing items, adequacy of sample size, and any important flaws in methods or design; reliability studies included additional questions regarding independent administration of at least 2 measurements under similar test conditions, and appropriate features of the time interval; validity studies included stating of hypotheses about direction and magnitude of correlations and description and appropriateness of comparator instruments; responsiveness included further questions regarding description of the intervention/interim period and proportion of patients changed. For each measurement property, appropriateness of specific statistical methods was evaluated. Overall quality corresponded to the lowest score obtained on the checklist for that property. Data extraction and quality appraisal was conducted by 2 independent reviewers, and differences were resolved by consensus with a third reviewer.
Data Synthesis and Analysis
Descriptive synthesis of results was conducted and meta-analysis was not performed due to significant variation between studies.
Results
A total of 29 studies were included ( Fig.) ; 18 studies met the inclusion criteria in the initial search, with a further 11 identified in the updated 2016 search.
Study Characteristics
Measurement properties in people with COPD were described in 4 types of tests: (1) short walking tests (<6 mins duration) where distance was measured; [23] [24] [25] [26] [27] (2) gait speed tests; [28] [29] [30] [31] [32] [33] [34] (3) step tests; [35] [36] [37] [38] and (4) lower limb functional exercise tests involving the sit-tostand transition, 29, [39] [40] [41] [42] [43] the TUG test, [44] [45] [46] [47] [48] [49] [50] or both. 51 Protocol details of all included tests are provided in Supplementary File 4.
All included studies were conducted in people with moderate-severe COPD according to recognized international criteria based on lung function measures, except in 1 study where lung function was not reported. 46 People with milder COPD were also included in 4 studies. 37, 44, 45, 47 All studies were conducted in outpatient, community, or primary care settings except for 2 that were conducted in inpatient pulmonary rehabilitation settings, although they also included patients with stable COPD. 24, 43 Characteristics of the study setting and included populations are shown in Table 1 .
Short walking distance and gait speed tests in COPD: reliability. Reliability was reported for the 2MWT 23, 26 and Five-Minute Walk Test (5MWT) 25 23 The study by Leung et al 26 included an unreported practice test, and the walking track (straight vs circuit) varied between studies. Knox et al 25 reported a large learning effect in the 5MWT in a small sample (n=12), most marked up to the first 4 walks but continuing throughout their 12 walks. Study quality was limited mainly by small sample size, with COSMIN ratings of poor to fair for reliability in short walking tests (Tab. 2).
Reliability of 4-m gait speed (4MGS) was assessed in 2 studies, with COSMIN ratings of fair 31 and good 33 (Tab. 2) . A key difference between these studies was inclusion of a 2-m acceleration zone before the measured 4 m, 31 compared with a static start. 33 However, consistently high intraclass coefficients (ICCs >.95), low percentages of standard errors of measurement (4.4% to 4.8%), and no significant differences in mean speed between the 2 trials (Tab. 2) indicated that both methods were highly reliable.
Short walking distance and gait speed tests in COPD: validity. To examine validity, short walking distance, and gait speed tests were compared with other field walking tests (6MWT and ISWT) or maximum oxygen uptake (VO2 max) measured during a cycle exercise test (Tab. 2). Leung et al 26 reported a very high correlation of the two-minute walk distance (2MWD) with the six-minute walk distance (6MWD, r=.937, n=45), and moderately strong correlations with VO2 max (r=.45, COSMIN ratings= fair). Nadir values of peripheral oxygen saturation (SpO2) during conduct of the 2MWT and 6MWT were correlated (r=.81, P < .0001), 24 and high congruence was reported in detecting participants who desaturated to <90% during both tests. 24 Usual gait speed over 4 meters demonstrated a linear relationship with 6MWD (r = .77, n = 130) 30 and a curvilinear relationship with incremental shuttle walk distance (ISWD, goodness of fit R 2 = .59, Tab. 2), with the curve flatter at lower ISWD, indicating potential usefulness in individuals with lower functional exercise capacity. 33 Two studies examined the ability of the 4MGS to identify participants with lower exercise capacity (based on an established prognostic marker of 6 MWD less than 350m), with proposed cut points of 0.9m/s (sensitivity 64%, specificity 90%) 30 and 1.0 m/s (sensitivity 80%, specificity 50%). 29 These studies 29, 30, 33 were rated as good to excellent on the COSMIN instrument (Tab. 2).
Four-meter gait speed was reported (Tab. 2) to correlate moderately with ratings of functional impairment due to breathlessness and health-related quality of life but had a low correlation with physical activity level or lung function.
Short walking distance and gait speed tests in COPD: responsiveness. Responsiveness to change was reported for the 2MWT, 3-minute constant rate shuttle test, and 4MGS. Leung et al 26 reported large standardized response means (mean change/standard deviation of change) for the 2MWD and 6MWD after pulmonary rehabilitation (1.25 and 1.70, respectively). Sample size was small (n=9, thus COSMIN rating=poor) and did not include 6 participants who dropped out due to low motivation or exacerbation at the time of posttest. In addition, the pulmonary rehabilitation program was intensive, delivered 3 days per week, 6 hours per day for 5 weeks in an inpatient rehabilitation setting. In a sample of 54 participants with COPD, standardized mean response of the 2MWT after delivery of bronchodilator medication was moderate at 0.75, but lower than responsiveness for the 6MWT (0.84) or forced expiratory volume in 1 second (1.5), with COSMIN rating of fair. 23 No studies evaluated minimal important difference in 2MWD. Sava et al 27 reported the mean reduction in Borg rating of dyspnea at the end of the 3-minute constant rate shuttle test was 1.0 (standard deviation[SD] = 0.2) lower after delivery of nebulized bronchodilator than with placebo (nebulized saline) in 38 participants with COPD.
In a well-powered study 32 (n=301) examining the 4MGS before and after pulmonary rehabilitation (COSMIN rating=excellent for responsiveness), the minimal important difference was calculated as between 0.11m/s (anchored against change in the ISWT) and 0.08 m/s (anchored against "feeling better"). For patients with low baseline gait speed (ie, lowest quartile, <0.77m/s), effect size after pulmonary rehabilitation was high at 1.0; in contrast, patients in the highest quartile (≥1.05m/s) showed a lower effect size of 0.2, indicating greater responsiveness to change in patients who were more frail. Responsiveness of the 4MGS to longitudinal change over a 12-month period was reported in 162 patients in the same study. Mean 4MGS declined during this period (-0.04m/s), and change in 4MGS was correlated with change in ISWD (r=.45; P <.001).
Step tests in COPD: reliabilit, validity, and responsiveness. Same day test-retest reliability of the Chester
Step Test was found to be excellent (ICC=.99, 95% CI=.97-.99) in a single study of 32 participants with COPD (COSMIN rating=fair). 35 The mean difference between tests was -1.1 steps/min [95% limits of agreement, -20.2 to 17.9 steps]. Strong positive correlations (Tab. 3) were reported between the number of steps taken in the Chester Step Test and 6MWD 35, 36 and ISWT highest level, 36 although studies were limited by small sample size with COSMIN ratings of fair to poor. Cadence required in the Chester
Step Test increased each 2 minutes; average test time tolerated by people with COPD was between 3.8 and 4 minutes, with frequent desaturation (SpO2 <88% in 18 of 32 participants) and high proportion of test cessation due to participant dyspnea (63%). 35 Using the 15-step exercise oximetry test, Kramer and colleagues 37 39 Also included was evaluation of the TUG test in people with COPD, where the time taken for participants to stand up, walk at a regular pace for 3 meters (indicated by a line on the floor), turn around, walk back, and sit down was recorded. 44, 45, 47, 51 Reliability, validity, and responsiveness and ratings of study quality are reported in Table 4 .
Test-retest reliability of the 5STS was examined in 1 study (n=50, COSMIN rating=good) 40 and reported to have high ICC (.97) with no significant bias to indicate a learning effect. Although no studies of reliability were identified for the 30-or 60-second sit-to-stand tests, variations of the 3-minute sit-to-stand test that used different rates of external pacing also demonstrated reliable results (ICC=.82-.90) and no significant bias between test repetitions). 39 Test-retest reliability of the TUG test was described in 4 studies of older patients with COPD (mean age >70 years, Tab. 4). 44, 47, 48, 50 Of the 2 studies that provided detailed analysis of the TUG test trials, 1 reported acceptable ICC (ie, greater than.90) and no significant differences between first and second trials (COSMIN rating=fair) 47 ; the other 48 found acceptable ICC and lower standard error of measurement between the second and third trials only (COSMIN rating=good).
A floor effect was observed in this group of lower limb functional tests, with some participants unable to rise from the chair independently to commence the 60-second sit-to-stand test (35 participants, or 8% of sample 42 ) and 5STS (15% of sample 40 ), or were unable to keep up with the higher pacing on the 3-minute chair rise test (3 patients). 39 Lower limb functional tests involving the sit-to-stand transition in COPD: validity. A moderately strong inverse correlation (r=-.59) between 5STS time and ISWT score was reported by Jones et al 40 (n=475, COSMIN rating=excellent); correlations between timed sit-to-stand tests and the 6MWD ranged from r=.44 43 to .75 41 (COSMIN ratings both fair). In contrast, the TUG test consistently had a high inverse correlation with the 6MWD (COSMIN ratings all excellent, Tab 4). Ability of the TUG test to discriminate between those who walked less than 350m on the 6MWT was evaluated in 2 studies, with TUG test cut points of 8.4 seconds 45 and 11.2 seconds 49 recommended. Comparison of lower limb functional tests involving the sit-tostand transition with different measures of quadriceps strength were highly varied in results (Tab. 4). The 5STS had a moderate inverse correlation with quads maximal voluntary contraction (rs = -.33 40 ) similar to that of the TUG test with isokinetic quadriceps torque (rs = -0.33 49 ) both in highly rated studies (COSMIN rating=excellent).
Lower limb functional tests involving the sit-to-stand transition in COPD:
responsiveness. Change in response to pulmonary rehabilitation programs was reported for 3 types of sit-tostand tests and for the TUG test (Tab. 4). In 239 participants with moderate to severe COPD, a significant reduction in median 5STS time (-1.4 sec) was found after pulmonary rehabilitation (8-week, twice-weekly outpatient program), which correlated significantly but weakly with change in ISWT 40 (r=-.13, P<.05). The minimal important difference in 5STS time was estimated at between -1.3 seconds (anchored against "feeling much better" or "better") and -1.4 seconds (anchored against change in ISWT and St George Respiratory Questionnaire, COSMIN rating good). Another study comparing usual pulmonary rehabilitation with pulmonary rehabilitation plus a strength program 43 reported significant improvements in 30-second STS count with both interventions, and changes in 30-and 60-second STS in the group with extra strength training (COSMIN rating=fair).
In a sample of 378 participants, TUG test time improved after intensive pulmonary rehabilitation (40-day program, either inpatient for 8 weeks, 5 days/week, or outpatient 16 weeks, 3 to 2 half days/week) by a mean of -0.5 seconds (effect size=0.16, COS-MIN rating=excellent). 49 Using a clinically meaningful change in the 6MWD (30 m) and distribution-based methods as anchors, the authors estimate a minimal clinically important difference to be between 0.9 and 1.4 seconds; notably, this was greater than the actual change observed during the intensive rehabilitation program. 49 
Discussion
Twenty-nine studies evaluating the psychometric properties of 11 different short (<6 min) walking and lower limb functional exercise tests in people with COPD were examined in this systematic review. This review updates and adds to a previous analysis 19 in 3 important ways. First, while Bisca and colleagues 19 reported on the measurement properties of 17 unique studies, the current study updates this review by presenting evaluation of measurement properties in 29 studies, including 7 published since the end of 2014. Second, this review is the first to include the psychometric properties of short (2-and 5-min) walking distance tests in 6 studies. Third, the new studies in this review add clinically important information about STS 43 and TUG 49 test responsiveness following pulmonary rehabilitation, a common intervention in COPD and discriminative ability of the TUG, 44, 45 4MGS , and STS tests, 29 supported by excellent study quality ratings in most cases. Comprehensive information (reliability, validity, and responsiveness, including estimates of minimal important difference) of high quality is now available for the 4MGS, 5STS, and TUG tests. The shorter of these tests (4MGS and 5STS) were highly repeatable with no learning effect.
The included studies of the 2MWT differed in study population (Germany, United Kingdom, and China) and protocol, but together indicated high reliability, albeit with evidence of a learning effect between first and second walks. Interpretation of existing data on the short walking distance Not reported Not reported a COSMIN = Consensus-Based Standards for the Selection of Health Measurement Instruments; ICC = intraclass correlation coefficient; 6MWD = 6-minute walk distance; r = Pearson correlation coefficient; 5STS = 5-times sit-to-stand test; 6MWT = 6-minute walk test; AUC = area under the receiver operating characteristic curve; Se = sensitivity; Sp = specificity; ISWT = incremental shuttle walk test; rs = Spearman correlation coefficient; MCID = minimal clinically important difference; MVC = maximal voluntary contraction; MRC = Medical Research Council dyspnea scale; SGRQ = St George Respiratory Questionnaire; CAT = Chronic Obstructive Pulmonary Disease Assessment Test; 60STS = 60-second sit-to-stand test; STS = sit-to-stand test; CRQ = Chronic Respiratory Questionnaire; 30STS = 30-second sit-to-stand test; 1-RM = 1-repetition maximum; TUG = Timed "Up & Go" Test; BODE = index including body mass index, airflow obstruction, dyspnea, and exercise capacity; mMRC = modified MRC; CPET = cardiopulmonary exercise test; SEM = standard error of measurement; MDC95 = minimal detectable change at the 95% level of confidence (calculated on the basis of the SEM and reflecting the smallest change in a participant's score that indicated a true change in the participant's performance rather than the result of random measurement error 47, 48 ); HADS = Hospital Anxiety and Depression Scale. b Mortality hazard ratio was adjusted for forced expiratory volume in 1 second, dyspnea, and inhaled corticosteroid/long-acting beta-agonist (ICS/LABA) use. c Effect was adjusted for age and forced expiratory volume in 1 second; there were also smaller but significant effects for other CRQ domains.
tests is limited by poor to fair study quality, but the high correlation of 2MWD with 6MWD suggests potential for consideration as an alternative field test of exercise tolerance, consistent with a study of patients with sporadic inclusion body myositis 52 where 2MWD was also highly correlated with 6MWD (r=.97, n=62). However, investigation of the responsiveness and minimal important difference in 2MWD before and after clinical interventions in patients with COPD, with larger samples, would also be required to improve the usefulness of this outcome measure.
A key purpose of established functional exercise tests in COPD is to prescribe exercise training intensity. This was developed by a body of work that measured oxygen uptake during the conduct of the 6MWT and ISWT in people with COPD, and compared responses with oxygen uptake responses during maximal exercise testing. [53] [54] [55] Subsequently, direct measurements of oxygen uptake while participating in walking training at the appropriate intensity prescribed from both 6MWT 56 and ISWT 57 have confirmed that this resulted in the participants working at 77% and 70% of peak oxygen uptake, respectively.
Although the 2MWT was correlated moderately with peak oxygen uptake, 26 further studies are needed to consider whether exercise training intensity could be prescribed from this test.
Although this review demonstrates their robust measurement properties, there is clear agreement in the literature that tests including the 4MGS, 5STS, and TUG are not intended as replacements for the 6MWT or ISWT. 49, 58, 59 In contrast, there is now evidence (supported by excellent COSMIN ratings for most studies in this group) for their suitability as stratification or screening assessment tools in people with COPD. Gait speeds in people with COPD of less than 0.9 to 1.0 m/s were associated with a 6MWD of less than 350 m, itself a strong predictor of mortality in this population; [60] [61] [62] and a cut point of 0.8 m/sec, aligned with a 6MWD of less than 200 m, had even greater sensitivity and specificity. 30 Cut points for the TUG test identified people with COPD who walked less than 350m or 360m in the 6MWT 45, 49 or experienced a fall in the previous year 44 with high levels of sensitivity and specificity. Similarly, the 5STS provided a strong model (area under the curve 0.82) to identify those with an ISWT time associated with greater mortality 40 (ie, less than 170 m). 63 In this way, these short tests have direct clinical relevance regarding prognosis of people with COPD. This is consistent with the use of gait speed 64 and sit-to-stand tests 65 alone or as part of the Short Physical Performance Battery (SPPB) 66 in prognosis of older community-based adults. As in the use of the SPPB, the use of 2 short exercise tests (eg, 4MGS and the 5STS or TUG) may provide complementary information in patients with COPD.
Short functional exercise tests in people with COPD may also have greater applicability at times when exercise ability is limited, such as during hospitalization for an acute exacerbation. For example, during hospital admission for an exacerbation of COPD, total time spent walking has been measured using accelerometers as 7.2 mins/day, 67 making a 6-minute walking test a large proportion of daily activity. Some short exercise tests (eg, 4MGS, 5STS) may also be applicable where space is limited and use of a long straight walking track is not possible, such as in a hospital ward setting. However, no studies identified in this review were conducted in hospital inpatient settings at the time of admission for an exacerbation of COPD. Studies that evaluate measurement properties of short exercise tests such as the 4MGS and 5STS at the time of a hospital admission for an exacerbation of COPD could improve usefulness of these outcome measures in this setting.
Shorter exercise tests show applicability for patients with COPD with greater functional limitation, and a ceiling effect in higher-functioning individuals. The 4MGS showed greater responsiveness to change after pulmonary rehabilitation in patients who are more frail. 32 This is in contrast with a study of gait speed over 5 and 10 meters in patients with acute stroke, which found less of a ceiling effect than other measures, including the Berg Balance Scale. 68 Similarly, the TUG test only showed responsiveness to change after pulmonary rehabilitation in participants with COPD who had low baseline values and lower functional exercise capacity. 49 Minimal important differences estimated for 4MGS, 5STS, and TUG in people with stable COPD following pulmonary rehabilitation have been summarized in this review, providing guidance for interpretation of change in these measures.
Limited data on reliability and validity was identified for the Chester Step test in people with COPD, and it was not well tolerated due to dyspnea and oxygen desaturation. Oxygen desaturation during the 15-step exercise oximetry test showed some relationship with desaturation during the 6MWT in only 1 of the 2 identified studies. Exercise-induced oxygen desaturation occurs frequently in people with COPD during the 6MWT, and this has been associated with disease severity and prognosis, 15 but similar relationships were not established in the included studies of the 15-step oximetry test.
Although all tests demonstrated at least some validity through correlation with established functional exercise tests (6MWT/ISWT), this association was strongest in the 2MWT. This is to be expected, as the muscle activation in stair climbing 69 and the sit-to-stand maneuver 70 differ greatly from level walking, especially in knee extensor force generation. In people with severe COPD, stair climbing time was not associated with 6MWD and the former resulted in more dyspnea, higher blood lactate, and lung hyperinflation (measured by total lung capacity difference post exercise). 71 In addition, short, high-intensity exercise (such as the 15-step oximetry test) results in differing contributions of anaerobic and aerobic energy systems than longer periods of exercise at lower intensity. 72 These factors should be considered when interpreting the validity of other tests by comparison with the 6MWT or ISWT.
The search strategy utilized was peer-reviewed and clearly defined, but no strategy is guaranteed and the use of "exercise test" as a keyword rather than "functional test" may have restricted identification of certain tests; however, we believe this was adequately addressed by other aspects of the systematic search (hand-searching of references and citations). Inclusion and exclusion criteria for this review designated the selection of tests that had duration of less than 6 minutes, which may require clarification regarding step tests. In the included papers examining the psychometric properties of the Chester Step Test in people with COPD, test duration was reported as less than 6 minutes (mean time 3.8[1.8] min 35 or completion of 2.1(0.9) levels, where each level was 1-min long). 36 In contrast, studies of a variation of the Chester Step Test, the Incremental Step Test, were excluded from this review on examination of the full text, as test duration in people with COPD was reported as greater than or equal to 6 minutes in some 73 or at least 50% 74 of cases. Similarly, studies examining the Six-Minute
Step Test [75] [76] [77] were excluded, as they did not meet the a priori criteria of duration less than 6 minutes.
Methodological quality of the included studies evaluated by the COSMIN checklist was generally fair to poor, with fewer studies rating as good or excellent. This is likely due to the conservative nature of the COSMIN checklist, 22 as scoring requires that overall ratings for each measurement property assessed be given according to the lowest score assigned over multiple criteria. Criterion validity using 6MWT or ISWT was limited in some cases where only a single repetition of this measure was conducted. Included studies were all conducted in stable outpatients with mostly moderate to severe COPD. Therefore, findings of the included exercise tests are limited to these populations and judgments cannot be made regarding their use in other groups.
This review highlights the potential applications of short walking tests and lower limb functional tests in people with COPD. Reliability, validity, and responsiveness of the 4MGS, 5STS, and TUG test have been demonstrated in patients with moderate to severe COPD in an outpatient setting. Clinical application of selected short exercise tests may be indicated in people with COPD who are frail, or at the time of an acute exacerbation, although investigation of measurement properties in this setting are indicated. In particular, the 2MWT may be a potential alternative to the longer 6MWT in some COPD populations, but this would require further information on test properties and responsiveness to clinical interventions.
Author Contributions and

